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(54) Motor drive unit for electric motor-operated vehicle 

(57) A motor drive unit (1) for an electric motor- 
operated vehicle, in particular bicycle, having an electric 
motor (3) and a planetary transmission (4) which are 
disposed inside a hub (5) supported for rotation on the 
same axial line with a wheel shaft of a wheel. Said elec- 
tric motor is disposed on one vehicle width direction end 
of the inside of the hub, the planetary transmission is 
disposed on the other end and a rotor of the electric 
motor is coupled to a sun member of the planetary 
transmission. 
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Description 

[0001 ] This invention relates to a motor drive unit for 
an electric motor-operated vehicle, in particular bicycle, 
having an electric motor and a planetary transmission s 
which are disposed inside a hub supported for rotation 
on the same axial line with a wheel shaft of a wheel. 
[0002] An example of conventional motor drive unit for 
an electric motor-operated bicycle with an electric motor 
disposed in the vicinity of the wheel shaft is disclosed in 
an official gazette, a laid-open Japanese patent applica- 
tion No. Hei -9-39872. The motor drive unit described in 
the gazette is constituted that an electric motor and a 
planetary gear transmission are disposed side by side 
in the vehicle width direction and supported coaxially on 
a wheel shaft fixed to the vehicle body frame so that the 
rotation of the output shaft of the electric motor is 
reduced with the planetary gear transmission and trans- 
mitted to the hub. The hub is shaped to cover around 
the planetary gear mechanism and supported for rota- 
tion on the wheel shaft. 

[0003] The electric motor has a housing secured to 
the vehicle body frame and an output shaft which 
projects toward the planetary gear transmission and 
which is formed in a tube shape for the wheel shaft to 
pass through. 

[0004] The planetary gear transmission is constituted 
with two planetary gear transmissions disposed in 
series, side by side in the vehicle width direction. That is 
to say, it is constituted that when the sun gear of the 
planetary gear mechanism located on the electric motor 
side rotates together with the output shaft of the electric 
motor, the rotation of the sun gear is transmitted at a 
reduced speed to the outer circumferential gear of the 
other planetary gear mechanism. The hub is connected 
to the outer circumferential gear so as to be rotated by 
the power of the electric motor. 
[0005] However, in the conventional motor drive unit 
for the electric motor-operated bicycle, there are prob- 
lems that the outside diameter of the entire motor drive 
unit increases and that its weight increases as the elec- 
tric motor and the planetary gear mechanism are dis- 
posed around a single wheel shaft. 
[0006] This is because the rotor of the electric motor, 
the output shaft, and the sun gear of the planetary gear 
transmission have to be formed with a diameter that 
permits the through passage of the wheel shaft, namely 
with too large a diameter for the electric motor output, 
and accordingly the diameters of the motor stator, the 
planetary gear of the planetary gear transmission, and 
the outer circumferential gear increase. 
[0007] Another problem is large noises produced with 
the meshing parts because the planetary transmission 
has many meshing parts as the two planetary gear 
mechanisms are disposed side by side to provide two 
stages in the speed reduction. 
[0008] Accordingly, it is an objective of the present 
invention to provide the motor drive unit as indicated 



above facilitating the reduction of the size, the weight, 
and the noise level and, simultaneously, the enhance- 
ment of longevity. 

[0009] According to the present invention, this objec- 
tive is solved for a motor drive unit as indicated above in 
that the electric motor is disposed on one vehicle width 
direction end of the inside of the hub, the planetary 
transmission is disposed on the other end and a rotor of 
the electric motor is coupled to a sun member of the 
planetary transmission. 

[001 0] In order to further enhance the motor drive unit, 
it is advantageous when the sun member is associated 
with a planetary member moving an outer circumferen- 
tial member for rotating the hub. 
[001 1 ] According to another embodiment of the inven- 
tion, in the motor drive unit for an electric motor-oper- 
ated bicycle, the electric motor is disposed on one end, 
in the vehicle width direction, of the inside of the hub; 
the planetary transmission is disposed on the other end 
so as to transmit the rotation of the rotor of the electric 
motor from the sun member through the planetary 
member and an outer circumferential member to the 
hub. Further, it is possible that the wheel shaft is consti- 
tuted with an assembly unit made by interconnecting a 
motor housing for the electric motor and a carrier for 
supporting the planetary member of the planetary trans- 
mission. 

[001 2] According to one embodiment of the invention, 
since the electric motor, the planetary transmission, and 
the hub can be supported without using a single shaft 
that passes through the electric motor and the planetary 
transmission in the vehicle width direction, components 
that are located in the axial part of the electric motor and 
the planetary transmission can be formed with sufficient 
dimensions required for transmitting the output of the 
electric motor without sacrificing the supporting rigidity. 
[001 3] Another advantage is that, since the sun mem- 
ber of the planetary transmission which receives rota- 
tion transmitted from the electric motor rotor may be 
made with a small diameter, it is possible to provide a 
large speed reduction ratio of the planetary transmis- 
sion without increasing its external dimensions. As a 
result, an electric motor of a high revolution type with a 
small torque, namely a small -sized electric motor may 
be used. 

[0014] Still another advantage is that, since the motor 
housing which constitutes part of the wheel shaft can be 
formed in a shape that increases its strength, the motor 
housing may be formed with aluminium alloy for exam- 
ple, and the wheel shaft may be reduced in weight with- 
out reducing its rigidity. 

[001 5] The motor drive unit for an electric motor-oper- 
ated bicycle according to another embodiment of the 
invention is based on the motor drive unit for an electric 
motor-operated bicycle of the invention described 
above, in which the electric motor is a brushless dc 
motor with its rotor located in the axial center of Hs sta- 
tor, the stator is fixed to the inside circumferential sur- 
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face of the motor housing, and the rotor is supported for 
rotation on the motor housing. 
[0016] According to the invention, the diameter and 
the weight of the electric motor can be reduced in com- 
parison with a constitution in which the wheel shaft is s 
passed through the axial part of the electric motor. As a 
result, it is possible not only to make the motor housing 
in a small diameter but also to reduce the thickness of 
the motor housing wall because a smaller strength is 
required to support the rotor. 10 
[001 7] The motor drive unit for an electric motor-oper- 
ated bicycle according to a further embodiment is based 
on the motor drive unit for an electric motor-operated 
bicycle as mentioned above, in which the planetary 
transmission comprises a planetary roller transmission is 
and a planetary gear transmission disposed side by 
side in the vehicle width direction, the sun roller of the 
planetary roller transmission is connected to the rotor of 
the electric motor, the carrier for supporting the plane- 
tary roller is connected to the sun gear of the planetary 20 
gear transmission, the outer circumferential ring of the 
planetary roller transmission and the carrier for support- 
ing the planetary gear of the planetary gear transmis- 
sion are fixed to the motor housing, and the outer 
circumferential gear of the planetary gear transmission 25 
is connected to the hub. 

[0018] According to the invention, the rotation speed 
of the motor rotor is reduced with the planetary roller 
transmission and transmitted to the planetary gear 
transmission and then to the hub. Since the planetary 30 
roller transmission transmits rotation by friction, it pro- 
duces less noise and as a result, less noise is produced 
when the high speed of the rotation of the motor rotor is 
reduced. Also, since the rotation that has been reduced 
with the planetary roller is transmitted to the planetary 35 
gear transmission, the noise produced with the plane- 
tary gear transmission is small, although the noise is 
produced by meshing of gears in the planetary gear 
transmission. 

[001 9] The motor drive unit for an electric motor-oper- 40 
ated bicycle according to a still further embodiment is 
based on the motor drive unit for an electric motor-oper- 
ated bicycle as mentioned above, in which a projecting 
stopper for engaging with the vehicle body frame is dis- 
posed at one end of the motor housing, said end being 45 
on the vehicle body frame side; a bearing for supporting 
the hub is fitted to the place positioned radially outer 
side than the stopper; and a wiring hole for the wiring of 
the electric motor to pass through is positioned in the 
motor housing, radially inner than the bearing. so 
[0020] According to the invention, the space which is 
formed as a result of providing the stopper for transmit- 
ting the reaction forces of the electric motor and the 
planetary transmission to the vehicle body frame on the 
motor housing and which is not used otherwise, namely 55 
the space which is located radially inner than the hub 
supporting bearing, can be used for boring the hole for 
the wiring. 
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[0021] Other preferred embodiments of the present 
invention are laid down in further dependent claims. 
[0022] Embodiments of the motor drive unit for the 
electric motor-operated bicycle of the invention will be 
hereinafter described in detail in reference to the 
appended drawings, in which: 

FIG. 1 is a cross-sectional view of a motor drive unit 
for the electric motor-operated bicycle of the inven- 
tion; 

FIG. 2 is a side view, showing the size end of the 
motor of the motor drive unit; 

FIG. 3 is a cross-sectional view, along the line Ill-Ill, 
of the planetary roller transmission shown in FIG. 1 ; 

FIG. 4 is a cross-sectional view, along the line IV-IV, 
of the planetary gear transmission shown in FIG. 1 ; 

FIG. 5 is a view, as seen along the line V-V in FIG. 
1 , of a base plate on which capacitors are mounted; 
and 

FIG. 6 is a cross-sectional view of another embodi- 
ment. 

[0023] FIG. 1 is a cross-sectional view of a motor drive 
unit for the electric motor-operated bicycle of the inven- 
tion. FIG. 2 is a side view, showing the side end of the 
motor of the motor drive unit. FIG. 3 is a cross-sectional 
view along the line Ill-Ill of a planetary roller transmis- 
sion shown in FIG. 1 . FIG. 4 shows a cross-sectional 
view along the line IV-IV of a planetary gear transmis- 
sion shown in FIG. 1 . FIG. 5 is a view, as seen along the 
line V-V in FIG. 1 , of a base plate on which capacitors 
are mounted. 

First Embodiment 

[0024] In the drawings, the motor drive unit for the 
electric motor-operated bicycle of the embodiment is 
provided with the reference numeral 1 . The motor drive 
unit 1 is located in the axial pad of the front wheel and 
attached to the front fork indicated with the reference 
numeral 2 in FIG. 1 . Namely, the motor drive unit 1 is 
constituted such that a brush-less dc electric motor 3 
and a planetary transmission 4 are enclosed in a rotat- 
able hub 5 side by side in the vehicle width direction. 
Here, the bicycle on which the motor drive unit 1 is 
mounted is of the conventionally known type in which 
the rear wheel is propelled through a chain or the like as 
the pedals (not shown) are depressed. 
[0025] The electric motor 3 comprises; a motor hous- 
ing 6, a stator 7 attached to the inside circumferential 
surface of the motor housing 6, a rotor 9 supported for 
rotation in the axial pad of the motor housing 6 through 
bearings 8, and a motor controller 10 located in part of 
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the motor housing 6 opposite the output side. 
[0026] The motor housing 6 comprises; a housing 
body 1 1 of a bottomed tubular shape located on the 
right side in FIG. 1 , a cap member 12 covering the open 
end of the housing body 1 1 , and a connecting member s 
14 secured with a securing bolt 13 to the outer end sur- 
face in the axial pad of the cap member 12. The con- 
necting member 14 comprises a disk 15 secured to the 
cap member 12 and a bolt 16 secured in the axial part 
of the disk 15. Incidentally, the housing body 1 1 and the to 
cap member 1 2 are made of a material having high ther- 
mal conductivity such as aluminium alloy to facilitate 
dissipation of heat generated with the stator 7 and the 
motor controller 10, while the bolt 16 and the disk 15 of 
the connecting member 1 4 are made of steel to provide 15 
high rigidity with small sizes. 

[0027] The cap member 1 2 has in its axial part an inte- 
grally formed tube 12a extending toward the inside of 
the motor. To the tube 12a are secured two base plates 
17, 18 of the motor controller 10, which are spaced in 20 
the vehicle width direction. A tube 15a formed integrally 
with the disk 1 5 is f itted to the inside circumferential sur- 
face of the tube 12a. In this way, fitting the tube 15a to 
the inside circumferential surface of the tube 12a 
increases the contact area between the cap member 1 2 25 
and the disk 1 5, so that the heat of the cap member 1 2 
is easily transmitted to the disk 15. 
[0028] Of the base plates 17, 18, the base plate 17 
located on the right in FIG. 1 are mounted a Hall ele- 
ment 19 for detecting a magnet 9c located at the distal 30 
end of a detection plate 9b disposed in a position corre- 
sponding to a magnetic pole 9a of a rotor 9, capacitors 
20 for eliminating switching noise, an IC 21, and other 
electronic components. To the other base plate 18 is 
mounted a switching element 22 (FET) of an electronic 35 
rectification mechanism of the motor 3. 
[0029] The capacitors 20 as shown in FIG. 5 are plural 
in number, of the same capacitance, and arranged to be 
spaced side by side. Use of the plural number of capac- 
itors 20 in this way makes it possible to use capacitors 40 
of a small size and to reduce the dimension of the motor 
3 in the axial (vehicle width) direction in comparison with 
an arrangement in which only a single capacitor is used. 
[0030] The switching element 22 as a package is 
brought into tight contact with the cap member 12 by 45 
means of screws 23 so that heat is transmitted to the 
cap member 12. With such a constitution, heat pro- 
duced when the motor 3 is operated to drive is cooled 
with the motor housing 6. 

[0031] The disk 15 of the connecting member 14 (at so 
an end of the motor housing 6 on the vehicle body frame 
side) is provided with projecting stoppers 24 for prevent- 
ing the motor housing 6 from being rotated by the reac- 
tions forces of the motor 3 and the planetary 
transmission 4. As shown in FIG. 2, the stoppers 24 are ss 
provided at two positions on the disk 15 so that they 
respectively engage with the front and the rear edges of 
the front fork 2. A bearing 25 is fitted to the outer circum- 
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ferential part of the disk 15, namely radially outer than 
the stopper 24, for supporting one end, in the vehicle 
width direction, of the hub 15 for rotation. 
[0032] A hole 26 for the wiring of the motor 3 to pass 
through is positioned in part of the disk 15 that is radially 
inner than the bearing 25 and is opposite the lower end 
of the front fork 2 as seen in side view, FIG. 2. The wir- 
ing hole 26 is provided with a support member 28 made 
of rubber formed with round holes 27 for the motor wir- 
ing (not shown) to pass through. With such a constitu- 
tion in which the motor controller 10 is disposed 
opposite the output side of the motor 3 and the wiring is 
led out of the front fork 2 side end of the motor 3, wiring 
is made without extending from one end to the other in 
the hub 5 in the vehicle width direction, the wiring does 
not interfere with other components in the hub, and the 
motor housing 6 can be made in a small size. 
[0033] As described above, since the motor controller 
10 is disposed in the motor housing 6, the wiring con- 
nected to the motor 3 includes only relatively thick, two 
power supply cables and relatively thin, a plural number 
of control wires. As a result, the support member 28 fit- 
ted in the wiring hole 26 is provided with round holes 27 
corresponding to diameters and the number of the 
cables and the wires. 

[0034] Incidentally, if a constitution were employed in 
which the motor controller 10 is disposed outside the 
motor 3, thick power supply cables between the motor 3 
and the controller 10 would have to be provided in the 
number of the phase of the motor 3. That is to say, 
employing this embodiment makes it possible to use 
only two, thick power supply cables led out from the 
motor 3, and therefore the area through which the 
cables pass can be reduced, in comparison with the 
case the motor controller 10 is disposed outside, and 
wiring work around the motor is facilitated. Along with 
such advantages as described above, a circuit for dis- 
tributing power to each phase of the motor 3 need not 
be provided on the side of a main control unit (not 
shown) for commanding the motor controller 10 for the 
output to the motor 3 and therefore, the main control 
unit can be made in a small size. 
[0035] In this embodiment, the planetary transmission 
4 comprises a planetary roller transmission 31 and a 
planetary gear transmission 32 interconnected in series 
in that order in the power transmitting train, so that the 
number of transmission stages is two. The reasons for 
disposing the planetary roller transmission 31 on the 
upstream side in the power transmitting train are 
described in the next paragraph. 
[0036] That is, the planetary roller transmission 31 can 
reduce the noise produced when the high speed rota- 
tion of the motor 3 is reduced because it transmits rota- 
tion by friction, and therefore, it produces less noise. 
Another reason is that one of the drawbacks of the plan- 
etary roller transmission 31 that it can transmit only a 
small torque is eliminated by disposing it in part of the 
power transmitting train where torque is relatively small. 
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[0037] The reason for disposing the planetary gear 
transmission 32 on the downstream side of the power 
transmitting train is that its drawback, relatively large 
noise, can be eliminated as the rotation speed of the 
rotor 9 is reduced with the planetary roller transmission 5 

31 before being transmitted to the planetary gear trans- 
mission 32. Moreover, the planetary gear transmission 

32 can transmit a relatively large torque for its small 
width in the axial direction in comparison with the plan- 
etary roller transmission 31 and therefore, it is easier to w 
make the motor drive unit 1 in a smaller size. That is, if 

a planetary roller transmission were used in place of the 
planetary gear transmission 32, the width (in the axial 
direction) of the roller rolling surface must be made 
greater than the corresponding width of the planetary 75 
gear transmission 32 because a large torque must be 
transmitted. That would result in an undesirable 
increase in the size of the motor drive unit 1 . 
[0038] The planetary roller transmission 31 is consti- 
tuted as shown in FIG. 3 with a sun roller 33 connected 20 
through serration to the rotor 9 of the motor 3, four plan- 
etary rollers 34 in rolling contact with the sun roller 33, a 
carrier 35 for supporting the planetary rollers 34 for their 
rotation and revolution, and an outer circumferential ring 
36 in rolling contact with the planetary rollers 34. 25 
[0039] The carrier 35 as shown in FIG. 1 has in its 
axial part an integrally formed sun gear 37 of the plane- 
tary gear transmission 32. The outer circumferential ring 
36 is secured to the outer circumferential part of the 
housing body 1 1 of the motor housing 6 using securing 30 
bolts 39 through a spacer (spacing member) 38. Inci- 
dentally, the securing bolts 39 also secure a planetary 
gear supporting carrier 40, to be described later, of the 
planetary gear transmission 32 to the housing body 1 1 . 
[0040] The planetary gear transmission 32 as shown 35 
in FIG. 4 comprises; the sun gear 37 formed on the car- 
rier 35 of the planetary roller transmission 31, three 
planetary gears 41 meshing with the sun gear 37, the 
carrier 40 for supporting the planetary gears 41 for their 
rotation, and an outer circumferential gear 42 meshing 40 
with the planetary gears 41 . 

[0041] The carrier 40 comprises; a ring-shaped plate 
40a located nearer to the planetary roller transmission 
31 than to the planetary gear 41 , a carrier body 40c con- 
nected to the ring-shaped plate 40a through planetary 45 
gear supporting shafts 40b, and a bolt 40d integrally 
formed with the carrier body 40c. One end, on the plan- 
etary roller transmission 31 side, of the carrier 40, 
namely the outer circumferential part of the ring-shaped 
plate 40a, is secured to the housing body 1 1 of the so 
motor housing 6 using the securing bolts 39, while the 
bolt 40d on the other end is secured to an end bracket 
2a located on one branch of the front fork 2. 
[0042] The outer circumferential gear 42 constitutes 
an inner ring of a one-way clutch 43 shown in FIG. 1 and 55 
is connected through the one-way clutch 43 to the hub 
5. The outer ring 43a of the one-way clutch 43 is 
secured to the hub 5 with securing bolts 44, and consti- 



tuted to transmit power only from the outer circumferen- 
tial gear 42 to the hub 5. 

[0043] The planetary gear transmission 32 and the 
planetary roller transmission 31 constituted as 
described above in this embodiment are lubricated with 
grease (grease for traction drive) for the planetary roller 
transmission 31. 

[0044] Since the planetary roller transmission 31 
transmits torque by friction, the torque transmitting 
property is not good if grease for gear transmissions is 
used. For that reason, when the planetary roller trans- 
mission and the planetary gear transmission are dis- 
posed within a housing in conventional arrangement, a 
partition wall and an oil seal are provided between the 
two transmissions and they are lubricated with respec- 
tively dedicated kinds of grease. However, this embodi- 
ment is arranged that the grease for the planetary roller 
transmission 31 is also used to lubricate the planetary 
gear transmission 32, so that the partition wall and the 
oil seal are unnecessary. That is, the size of this motor 
drive unit 1 is reduced by the space for providing the 
partition wall and the oil seal. 

[0045] The hub 5 of this embodiment comprises; a 
hub body 52 of a bottomed tube shape with its outer cir- 
cumferential part formed with flanges 51 for connecting 
spokes (not shown), and a cap member 53 screwed on 
the open end of the hub body 52. The axial part of the 
hub body 52 is supported for rotation on the disk 15 of 
the motor housing 6 through the bearing 25. A boss 53a 
formed in the axial part of the cap member 53 is sup- 
ported for rotation on the bolt 40d of the planetary gear 
transmission 32 through a bearing 54. The outer ring 
43a of the one-way clutch 43 is secured to the cap 
member 53 so that power is transmitted from the plane- 
tary gear transmission 32. Incidentally, the turning direc- 
tion, that is, right-hand or left-hand screw, of the thread 
coupling the hub body 52 and the cap member 53 is 
adapted so that the screw is tightened when power is 
transmitted from the planetary gear transmission 32 to 
the cap member 53. 

[0046] Forming the hub 5 as described above so that 
it can be divided into the hub body 52 having flanges 51 
for connecting the spokes and the cap member 53 
makes it possible to freely choose the order of the work 
of attaching a rim (not shown) to the hub 5 through the 
spokes and the work of assembling the motor 3 and the 
planetary transmission 4 to the hub 5. Moreover, at the 
time of maintenance, the motor 3 and the planetary 
transmission 4 can be removed from the front wheel 
without removing the spokes. 
[0047] The assembling work of the motor 3 and the 
planetary transmission 4 is made to the cap member 53 
of the hub 5. That is to say, first the one-way clutch 43 is 
attached to the cap member 53 and then an assembly 
consisting of the motor 3 and the planetary transmission 
4 is attached to the cap member 53 so that the plane- 
tary gear 41 of the planetary gear transmission 32 
engages with the inner ring (outer circumferential gear 
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42) of the one-way clutch 43 and that the bolt 40d of the 
planetary gear transmission 32 fits into the bearing 54 
on the cap member 53 side. In this way, after attaching 
all the members in the hub 5 to the cap member 53, the 
motor 3 is inserted into the opening of the hub body 52, 5 
so that the disk 15 of the motor housing 5 fits into the 
bearing 25 on the hub body 52 side and that the cap 
member 53 is screwed on the hub body 52. The assem- 
bling work of the motor drive unit 1 is thus completed 
when the cap member 53 is screwed on the hub body 
52. 

[0048] The assembled motor drive unit 5 is made 
ready for running when the bolt 16 of the motor housing 
6 and the bolt 40d of the carrier 40 of the planetary gear 
transmission 32 are respectively secured to the end 
brackets 2a of the front fork 2. Incidentally, if human 
power detecting means is provided in the middle of the 
human power drive train and the power of the motor 3 is 
increased or decreased with a main control unit in pro- 
portion to the magnitude of the human power, the vehi- 
cle can be driven by both the power of the motor 3 and 
the human power. When the power of the motor 3 is 
controlled independent of the human power, it is possi- 
ble to run with only the power of the motor 3. 
[0049] When the vehicle is propelled by the motor 
power, the rotation of the rotor 9 of the motor 3 is 
reduced through the power transmitting train consisting 
in the order of; the sun roller 33 of the planetary roller 
transmission 31 . the planetary rollers 34, and the carrier 
35, and transmitted to the sun gear 37 of the planetary 
gear transmission 32. The rotation is further reduced 
through the power transmitting train consisting in the 
order of; the sun gear 37, the planetary gear 41 , and the 
outer circumferential gear 42 (one-way clutch 43) and 
transmitted to the hub 5. 

[0050] tn the motor drive unit 5 constituted as 
described above, the support of the motor 3, the plane- 
tary transmission 4, and the hub 5 on the front fork 2 is 
effected with an assembly made by combining together 
the motor housing 6, the outer ring 36 of the planetary 
roller transmission 31, and the carrier 40 of the plane- 
tary gear transmission 32. In other words, in the motor 
drive unit 1 , the above-mentioned assembly constitutes 
the wheel shaft. 

[0051] Since the motor drive unit can support the 
motor 3, the planetary transmission 4, and the hub 5 
without using a single shaft passing through the motor 3 
and the planetary transmission 4 in the vehicle width 
direction, components located in the axial part of the 
motor 3 and the planetary transmission 4 (the rotor 9, 
the sun roller 33 and the sun gear 37) can be formed 
with dimensions that are necessary and enough for 
transmitting the output of the motor 3. Therefore, the 
motor drive unit 1 can be manufactured with a radially 
small size. 

[0052] Since the sun roller 33 and the sun gear 37 to 
which the rotation is transmitted from the rotor 9 of the 
motor 3 can be made in small diameters, the speed 



reduction ratio of the planetary roller transmission 31 
and the planetary gear transmission 32 can be 
increased. As a result, a motor of a high speed, small 
torque type, namely a small-sized motor can be used as 
the motor 3. 

[0053] Furthermore, in this embodiment, the housing 
body 1 1 and the cap member 12 of the motor housing 6 
constituting part of the wheel shaft can be shaped to 
have high strengths. Therefore, the housing body 11 
and the cap member 12 are made of aluminium to 
reduce weight without sacrificing the rigidity of the 
wheel shaft. 

Second Embodiment 

[0054] The motor drive unit for the electric motor- 
operated bicycle of this invention may employ a consti- 
tution to be disposed in the axial part of the rear wheel. 
Such an embodiment will be described in detail in refer- 
ence to FIG. 6. 

[0055] FIG. 6 is a cross-sectional view of such an 
embodiment. In FIG. 6, components that are the same 
as or equivalent to those explained in reference to FIGs. 
1 to 4 are provided with the same or equivalent refer- 
ence numerals, and detailed explanations are therefore 
omitted. 

[0056] The motor drive unit 61 shown in FIG. 6 is con- 
stituted by partially modifying the front wheel motor 
drive unit used in the first embodiment. Two points are 
modified as described below. 
[0057] The first point of modification is part of the unit 
where the unit is attached to the vehicle body frame 62. 
That is, since the distance between two end brackets 63 
for supporting the rear wheel of the bicycle is greater 
than that between the end brackets 2a of the front fork 
2, the bolt 16 of the connecting member 14 of the motor 
housing 6 and the bolt 40d of the carrier 40 of the plan- 
etary gear transmission 32 are made longer and thicker 
than those for the front wheel so as to be secured to the 
end brackets 63 of the vehicle body frame 62. The stop- 
pers 24 for transmitting the reactional force of the motor 
3 are made integrally with a shaft member 64 secured to 
the disk 15 of the motor housing 6 so as to engage with 
the end bracket 63 on the left in FIG. 6. 
[0058] The second point of modification is the cap 
member 53 of the hub 5. That is, the boss 53a of the cap 
member 53 for fitting the bearing 54 is made longer than 
that for the front wheel so that the pedal depressing 
force (human power) can be transmitted to the hub 5, 
and a free wheel 65 is attached to the outer circumfer- 
ential part of the boss 53a. The free wheel 65 is consti- 
tuted with a one-way clutch 66 and a rear sprocket 68 
for routing a chain 67. The one-way clutch 66 is consti- 
tuted such that power is transmitted only from the rear 
sprocket 68 to the cap member 53. The chain 67 is 
routed to make connection between the rear sprocket 
68 and a front sprocket (not shown) located on the side 
of the pedal crankshaft. 
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[0059] The motor drive unit 61 constituted as 
described above can also achieve the same effect as 
with the first embodiment. 

[0060] The motor drive unit 1 for the front wheel can 
be modified into the motor drive unit 61 for the rear s 
wheel simply by replacing the connecting member 14, 
the bolt 40d, and the cap member 53 of the hub 5 of the 
motor drive unit 1. Therefore, almost all of the other 
components can be used for both front and rear wheels. 
Therefore, two types of motor drive units respectively for 10 
the front and rear wheels can be manufactured while 
reducing costs. 

[0061] While the planetary transmission 4 of the 
above embodiments is described as being constituted 
with the planetary roller transmission 31 and the plane- is 
tary gear transmission 32, the planetary transmission 4 
may also be constituted with only the planetary roller 
transmission 31 . In that case, the carrier 35 of the plan- 
etary roller transmission 31 is secured to the motor 
housing 6, and the outer circumferential ring 36 is con- 20 
nected to the hub 5 through the one-way clutch 42. 
[0062] With the invention described above, the motor, 
the planetary transmission, and the hub can be sup- 
ported without using a single shaft extending in the vehi- 
cle width direction to pass through the motor and the 25 
planetary transmission, and therefore, the components 
located in the axial part of the motor and the planetary 
transmission can be formed with dimensions that are 
necessary and enough for transmitting the output of the 
motor. 30 
[0063] Therefore, it is possible to provide a motor drive 
unit in which the motor and the planetary transmission 
are both made in a small size and a light weight for elec- 
tric motor-operated bicycles. 

[0064] Since the diameter of the sun member of the 35 
planetary transmission to which rotation is transmitted 
from the rotor of the motor can be reduced, a great 
speed reduction ratio can be chosen for the planetary 
transmission without increasing the external shape. As 
a result, a motor of a high speed, small torque type, 40 
name\y a small-sized motor can be used. This also 
helps reduce the size of the motor drive unit. 
[0065] Since the motor housing constituting part of the 
wheel shaft can be shaped to have a high strength, the 
motor housing can be made of aluminium alloy for 45 
example. With such a constitution, weight of the wheel 
shaft can be reduced without sacrificing the rigidity of 
the wheel shaft. This further helps reduce the weight of 
the motor drive unit. 

[0066] According to another embodiment of the inven- so 
tion, the motor rotor can be made in smaller diameter 
and weight in comparison with the constitution in which 
the wheel shaft passes through the axial part of the 
motor. 

[0067] As a result, it is possible not only to form the 55 
motor housing in a small diameter, but also the strength 
for supporting the rotor can be reduced. This in turn 
makes it possible to form the motor housing with a 



reduced wall thickness and to provide a motor drive unit 
that is further reduced in size and weight. 
[0068] In a further embodiment of the invention, the 
rotation speed of the motor rotor is reduced with the 
planetary roller transmission and transmitted to the 
planetary gear transmission and then to the hub. Since 
the planetary roller transmission transmits rotation by 
friction, it produces less noise and as a result, less 
noise is produced when the high speed of the rotation of 
the motor rotor is reduced. Also, since the rotation that 
has been reduced with the planetary roller is transmit- 
ted to the planetary gear transmission, the noise pro- 
duced with the planetary gear transmission is small, 
although the noise is produced by meshing of gears in 
the planetary gear transmission. 
[0069] Therefore, it is possible to provide a motor drive 
unit for electric motor-operated bicycles that produces 
less noise. 

[0070] According to a still further embodiment of the 
invention, the space which is formed as a result of pro- 
viding the stopper for transmitting the reactional forces 
of the electric motor and the planetary transmission to 
the vehicle body frame on the motor housing and which 
is not used otherwise, namely the space which is 
located radially inner than the hub supporting bearing, 
can be used for boring the hole for the wiring. 
[0071] As a result, it is possible to pass the relatively 
thick cables for the motor power supply and the rela- 
tively thin, a large number of wires for the motor control 
through the motor housing. 

Claims 

1 . A motor drive unit (1 ;61 ) for an electric motor-oper- 
ated vehicle, in particular bicycle, having an electric 
motor (3) and a planetary transmission (4) which 
are disposed inside a hub (5) supported for rotation 
on the same axial line with a wheel shaft of a wheel, 
characterized in that the electric motor (3) is dis- 
posed on one vehicle width direction end of the 
inside of the hub (5), the planetary transmission (4) 
is disposed on the other end and a rotor (9) of the 
electric motor (3) is coupled to a sun member (33) 
of the planetary transmission (4). 

2. Motor drive unit according to claim 1 , character- 
ized in that the sun member (33) is associated with 
a planetary member (34) moving an outer circum- 
ferential member (42) for rotating the hub (5). 

3. Motor drive unit according to claim 1 or 2, charac- 
terized in that the wheel shaft is constituted with 
an assembly unit provided by interconnecting a 
motor housing (6) for the electric motor (3) and a 
carrier (40) for supporting a planetary member (41) 
of the planetary transmission (4). 

4. Motor drive unit according to at least one of the pre- 
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ceding claims 1 to 3, characterized in that the 
electric motor (3) is a brush-less dc motor with its 
rotor (9) located in the axial center of a stator (7); 
the stator (7) is fixed to the inner circumferential 
surface of a motor housing (6); and the rotor (9) is s 
supported for rotation on the motor housing (6). 

5. Motor drive unit according to at least one of the pre- 
ceding claims 1 to 4, characterized In that said 
electric motor (3) is of a high revolution type with a io 
small torque. 

6. Motor drive unit according to at least one of the pre- 
ceding claims 3 to 5, characterized in that the 
motor housing (6) is made of aluminium alloy, 15 

7. Motor drive unit according to at least one of the pre- 
ceding claims 1 to 6, characterized in that a motor 
controller (10) is provided in a part of a motor hous- 
ing (6). 20 

8. Motor drive unit according to at least one of the pre- 
ceding claims 1 to 7, characterized in that a pro- 
jecting stopper (24) for engaging with a vehicle 
body frame (62) is disposed at one end of a motor 25 
housing (6), said end being on the vehicle body 
frame side; a bearing (25) for supporting the hub (5) 

is fitted to the place positioned radially outside of 
the stopper (24); and a wiring hole (26) for the wir- 
ing of the electric motor (3) to pass through is posi- 30 
tioned in the motor housing (6), radially inside the 
bearing (25). 

9. Motor drive unit according to at least one of the pre- 
ceding claims 1 to 8, characterized In that the 35 
planetary transmission (4) being constituted with a 
planetary roller transmission (31), a carrier (35) of 
which being secured to a sun gear (37) and an 
outer circumferential ring (36) of which being fixed 

to a motor housing (6). 40 

10. Motor drive unit according to at least one of the pre- 
ceding claims 1 to 9, characterized in that the 
planetary transmission (4) comprises a planetary 
roller transmission (31) and a planetary gear trans- 45 
mission (32) disposed side by side in the vehicle 
width direction; a sun roller (33) of the planetary 
roller transmission (31) is connected to the rotor (9) 

of the electric motor (3), a carrier (35) for supporting 
a planetary roller (34) is connected to a sun gear so 
(37) of the planetary gear transmission (32); an 
outer circumferential ring (36) of the planetary roller 
transmission (31) and the carrier (35) for supporting 
the planetary gear (41) of the planetary gear trans- 
mission (32) are fixed to a motor housing (6); and 55 
that the outer circumferential gear (42) of the plan- 
etary gear transmission (32) is connected to the 
hub (5). 



1 1 . Motor drive unit according to at least one of the pre- 
ceding claims 1 to 10. characterized in that said 
drive unit being a drive unit for a front wheel or for a 
rear wheel of a bicycle. 
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FIG. 2 
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FIG. 5 
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